Objective Microglia, immunocompetent cells in the central nervous system, adopt two distinct activation phenotypes, composed of a pro-inflammatory and neurotoxic "classical" activation (M1) phenotype by exposure to lipopolysaccharide and interferon-c, and an anti-inflammatory and neuroprotective "alternative" activation (M2) phenotype after treatment with interleukin-4 and interleukin-13. Recently, gene expression profiling using DNA microarray and high-throughput sequencing technologies identified valid markers specific for microglia. However, we have fairly limited knowledge on comprehensive gene expression signatures of functionally polarized microglia. By comparative analysis of public datasets, we attempted to characterize the set of the genes specific for microglia polarized to M1, M2a and Mtgf, and the overlap of these marker genes in distinct activation phenotypes. Methods We retrieved five different microarray datasets of microglial gene expression from Gene Expression Omnibus, and analyzed them by GEO2R. We identified overlapping genes in various experimental conditions by Gene List Venn Diagram. Results We found that the set of M1, M2a and Mtgf marker genes are highly variable among distinct datasets analyzed. Human microglia showed gene expression profiles quite different from those of mouse microglia. Rat amoeboid microglia in part showed the M1-polarized phenotype. A substantial number of the genes upregulated under both M1-polarizing and M2a-polarizing conditions suggest common signaling pathways for M1 and M2 activation of microglia. Counteracting regulation was found between M1 and Mtgf gene expression. Conclusions The great variability of M1 and M2 microglial gene expression profiles is attributable to differences in the methods of preparation of microglia, culture conditions and platforms of microarray analyzed.
Introduction
Microglia are resident myeloid cells in the central nervous system (CNS), which play a pivotal role in progression of neuroinflammatory and neurodegenerative diseases, along with maintenance of brain homeostasis. 1, 2 Microglia originate from erythromyeloid progenitors in the yolk sac, which populate the CNS during early embryonic development. 3 Recent studies suggest that microglia adopt two functionally distinct phenotypes, composed of phenotypes of "classical" activation (M1) and "alternative" activation (M2). [4] [5] [6] [7] An exposure to lipopolysaccharide (LPS) or interferon-gamma (IFNc) induces the M1 phenotype associated with production of reactive oxygen species and proinflammatory cytokines, such as interleukin-1beta (IL-1b), IL-6 and tumor necrosis factor-alpha (TNFa), mediating inflammatory tissue damage. In contrast, the M2 phenotype is involved in brain repair and regeneration by enhancing phagocytosis, releasing neurotrophic factors and reducing brain inflammation. M2 is subcategorized into three distinct activation phenotypes. [4] [5] [6] M2a (alternative activation) is a phenotype of activated microglia after exposure to IL-4 or IL-13, accompanied by production of antiinflammatory cytokines, such as IL-10 and growth factors, such as insulin-like growth factor-1, capable of phagocytosing cellular debris and promoting tissue repair. M2b (type II alternative activation) is a phenotype after ligation of immunoglobulin Fc gamma receptors by immune complexes on LPS-or IL-1b-primed microglia, leading to downregulation of IL-12 production and increased IL-10 secretion. M2c (acquired deactivation) is a phenotype induced by exposure to IL-10 or glucocorticoids, with increased expression of TGFb and sphingosine kinase. Furthermore, treatment with TGFb induces a distinctive activation phenotype of microglia (Mtgf polarization), which resembles the M0 (unstimulated) phenotype. 8, 9 An imbalance of microglial functional polarization is implicated in the pathogenesis of a wide variety of CNS disorders, including multiple sclerosis (MS), Alzheimer's disease (AD), Parkinson's disease, amyotrophic lateral sclerosis, schizophrenia and major depressive disorder, 6, 7, 10, 11 although the M1 and M2 paradigm, analogous to M1 and M2 classification of peripheral macrophages, is likely to be an oversimplified concept. 12 However, if we could characterize a unique gene expression signature of polarized microglia, it would shed light on both microglia biology and microglia-targeted therapy for various CNS diseases.
Recently, gene expression profiling using DNA microarray and high-throughput sequencing technologies identified valid markers specific for microglia, capable of separating them from other brain cell types and tissue-resident macrophages. 8, [13] [14] [15] [16] However, at present, we have fairly limited knowledge on comprehensive gene expression signatures of functionally polarized microglia. 8, 9, 17, 18 In the present study by comparative reanalysis of several public datasets, we attempted to characterize the set of genes specific for M1-, M2a-and Mtgf-polarized microglia, and the overlap of marker genes, pathways and networks in distinct activation phenotypes. We found that the set of M1, M2a and Mtgf marker genes are highly variable in distinct datasets analyzed with species-specific differences. The genes upregulated universally under M1-and M2-polarizing conditions suggest the common signaling pathways for M1 and M2 activation of microglia. Thus, a bioinformatics approach would elucidate the complex patterns of polarized activation of microglia.
Methods

Public datasets of microglial gene expression
Microarray datasets of microglial gene expression were retrieved from the public database named Gene Expression Omnibus (GEO; https://www.ncbi.nlm. nih.gov/gds/) under the accession numbers of GSE49329, GSE77064, GSE77062, GSE76734 and GSE29885 ( Table 1 ). The GSE49329 dataset represents the gene expression data of microglia isolated from newborn mouse brain incubated for 5 days in the presence of 10 ng/mL granulocyte macrophage colony-stimulating factor (CSF) and 10 ng/mL macrophage CSF (Microglia No. 1) followed by a 4-h exposure to 100 ng/mL LPS (M1-polarizing condition), 20 ng/mL IL-4 (M2a-polarizing condition) or equal volume of phosphate-buffered saline. 17 The cells were processed for microarray analysis on Mouse Gene 1.0 ST Array (Affymetrix, Santa Clara, CA, USA). The GSE77064 dataset represents the gene expression data of microglia isolated from newborn mouse brain (Microglia No. 2) exposed to 100 ng/mL LPS plus 20 ng/mL IFNc for 16 h (M1-polarizing condition), 100 U/mL IL-4 for 48 h (M2a-polarizing condition), 20 ng/mL TGFb for 48 h (Mtgf-polarizing condition) or left untreated. 18 The cells were processed for microarray analysis on the MouseWG-6 v2.0 expression beadchip (Illumina, San Diego, CA, USA). The GSE77062 represents the gene expression data of embryonic stem cell-derived microglia (Microglia No. 3) after a 24-h exposure to 100 ng/mL LPS plus 20 ng/mL IFNc (M1-polarizing condition), 100 U/mL IL-4 (M2a-polarizing condition), 50 ng/mL TGFb (Mtgf-polarizing condition) or left untreated. 18 Embryonic stem cell-derived microglia cells, without the oncogenic transformation, show phenotypic characteristics very similar to those of primary cultures of microglia in terms of gene expression profiles and cell surface molecules. 18, 19 The cells were processed for microarray analysis on the MouseWG-6 v2.0 expression beadchip.
The GSE76734 represents the gene expression data of microglia isolated from adult human brain tissues of the temporal lobe by surgical resection as a result of intractable temporal lobe epilepsy (Microglia No. 4). They were exposed to 5 ng/mL granulocyte macrophage CSF for 5 days, and 100 ng/mL LPS plus 20 ng/mL IFNc for a further 2 days (M1-polarizing condition), 25 ng/mL macrophage CSF for 5 days and 20 ng/mL IL-4 plus 20 ng/mL IL-13 for a further 2 days (M2a-polarizing condition), 50 ng/mL TGFb for 7 days (Mtgf-polarizing condition) or left untreated. 9 The cells were processed for microarray analysis on Human Gene 2.0 ST Array (Affymetrix). The GSE29885 dataset represents the gene expression data derived from isolectin B4-labeled microglia (Microglia No. 5) with amoeboid morphology (AMC) or ramified morphology (RMC) isolated by laser capture microdissection from frozen tissue sections of the corpus callosum of 5-day-old and 4-week-old rat brain, respectively. 20 The cells were processed for microarray analysis on Rat Genome 230 2.0 Array (Affymetrix).
Analysis of microarray datasets
We reanalyzed microarray datasets by GEO2R (https://www.ncbi.nlm.nih.gov/geo/info/geo2r. html), an interactive web tool that compares two or more groups of samples deposited in GEO Series to identify genes differentially expressed across experimental conditions. 21 GEO2R carries out comparisons on submitter-supplied normalized and cross-comparable data tables by using the GEOquery and limma R packages from the Bioconductor project (http:// www.bioconductor.org). Bioconductor is an open source software project based on the R programming language (https://www.r-project.org) that provides various tools for the analysis of high-throughput genomic data. After defining sample groups and assigning samples to each group, we compared the gene expression data of cytokine-treated and untreated microglia by moderated t-test that provides P-values adjusted by the Benjamini-Hochberg multiple testing correction, accompanied by log2-transformed fold change. The quality of GEO datasets was verified by a value distribution record viewed graphically as a box plot. We converted log2-transformed fold change into non-transformed fold change. 24 Currently, KEGG contains 551 732 pathways generated from 520 reference pathways. When importing of Entrez Gene IDs into the Functional Annotation tool of DAVID, it identifies the most relevant KEGG pathways and gene ontology (GO) categories, composed of the genes enriched in the given set, followed by an output of statistical significance evaluated by the modified Fisher's exact test with multiple testing correction. We also studied the molecular pathways and networks of the given gene set by using Ingenuity Pathway Analysis (IPA; https://analysis.ingenuity.com/ pa/; Qiagen, Venlo, the Netherlands). IPA is a commercial knowledgebase that contains more than 3 000 000 biological and chemical interactions and functional annotations with definite scientific evidence. By uploading the list of Gene IDs and expression values, the network-generation algorithm identifies focused genes integrated in a global molecular network. IPA calculates the score P-value that reflects the statistical significance of association between the genes and the networks by the Fisher's exact test. We carried out hierarchical clustering analysis by Cluster 3.0 (http://bonsai.hgc.jp/~mde hoon/software/cluster/), followed by visualization with Java TreeView (https://sourceforge.net/projects/ jtreeview/).
Results
Gene expression profiles of mouse M1, M2a and Mtgf microglia in culture
To investigate microglial gene expression profiles, we initially compared three different series of mouse microglia cultured under M1-polarizing and M2a-polarizing conditions ( Table 2; Tables S1-S4 ). The set of 143 genes include chemokines, cytokines and their receptors, such as Ccl2, Ccl4, Ccl5, Ccl7, Ccl12, Ccrl2, Cxcl10, Cxcl2, Cxcl9, Il1a, Il15, Il15ra and Tnf, IFN-signaling associated molecules, such as Adar, Cd40, Cd274, Cst7, Daxx, Dhx58, Gadd45b, Gbp2, Gbp3, Gbp5, Gbp7, H2-M2, H2-Q7, H2-T10, Helz2, Icam1, Ifi35, Ifi47, Ifit2, Ifit3, Igtp, Irf1, Irf7, Irgm1, Jak2, Ly6a, Marco, Mlkl, Mx2, Nampt, Nos2, Nt5c3, Oas1g, Oas2, Oas3, Oasl1, Oasl2, Parp10, Parp12, Peli1, Phf11a, Phf11d, Phlda1, Psmb8, Psmb9, Psmb10, Rnf19b, Rsad2, Samd9l, Samhd1, Serpina3g, Slfn2, Sp140, Stat1, Stat2, Stx11, Tagap, Tap1, Tap2, Tmem2, Trafd1, Trex1, Trim21, Tyk2, Uba7, Ube2l6, Usp18, Upp1 and Znfx1, and components and regulators of nuclear factorkappa B (NF-jB) transcription factor signaling, such as Epsti1, Fas, Ikbke, Irak2, Irak3, Malt1, Map3k8, Nfkb1, Nfkb2, Nfkbia, Nfkbie, Nfkbiz, Nod1, Pml, Ripk2, Src, Tnfaip3, Tnfrsf1b, Tnip1 and Traf1 (Table S1) . Notably, the list contains sorting nexin 10 (Snx10), a member of the sorting nexin family involved in endosomal trafficking acting as a novel regulator of macrophage polarization. 25 We studied the molecular network of the set of 143 genes by using bioinformatics tools for analyzing molecular interactions on the comprehensive knowledgebase. DAVID identified statistically significant functionally associated GO terms. They include "immune system process" (GO:0002376; P = 1.82E-29 after Bonferroni multiple testing correction), "innate immune response" (GO:0045087; P = 2.54E-21), "defense response to virus" (GO:0051607; P = 3.34E-17), "response to virus" (GO:0009615; P = 1.30E-15) and "inflammatory response" (GO:0006954; P = 4.61E-15). DAVID also identified statistically significant KEGG pathways. They include the "tumor necrosis factor (TNF) signaling pathway" (mmu04668; P = 2.00E-12 after Bonferroni multiple testing correction; Fig. 2 ), "Toll-like receptor signaling pathway" (mmu04620; P = 9.18E-07), "nucleotide-binding oligomerization domain-like receptor signaling pathway" (mmu04621; P = 1.38E-05) and "chemokine signaling pathway" (mmu04062; P = 1.50E-05), along with various pathways of viral infections, such as herpes simplex, influenza A, measles and hepatitis C. IPA identified "inducible nitric oxide synthase signaling" (P = 8.48E-17) and "activation of interferon regulatory factor by cytosolic pattern recognition receptors" (P = 1.67E-16) as the most significant canonical pathways. Overall, these results show that M1-polarizing conditions provide potent pro-inflammatory stimuli in mouse microglia in a consistent manner.
We also identified 470 genes, 646 genes and 98 genes downregulated in Microglia No. 1, No. 2 and No. 3, respectively, under M1-polarizing conditions, with 17 overlapping genes ( Fig. 1b ; Tables S1, S5-S7). The set of 17 genes are not significantly associated with any GO terms or KEGG pathways (data not shown). However, for the 17 genes, IPA identified the "3-phosphoinositide degradation" pathway (P = 6.02E-03), composed of inositol polyphosphate-5-phosphatase D (Inpp5d, Ship1) and phosphatase domain containing, paladin 1 (Pald1), as a significant canonical pathway and "cell death and survival, endocrine system disorders, gastrointestinal disease" (P = 1.0E-44) as a top functional molecular network (Fig. 3) . These results suggest that the expression of Inpp5d, a negative regulator of myeloid cell proliferation and survival, 26 is downregulated in all mouse microglia under M1-polarizing conditions. Next, we identified 72 genes, 10 genes and 24 genes upregulated in Microglia No. 1, No. 2 and No. 3, respectively, under M2a-polarizing conditions, with just two overlapping genes, composed of arginase, liver (Arg1) and transferrin receptor (Tfrc; Fig. 1c ; Table 3 ; Tables S1, S8-S10). Furthermore, (Tables S11-S13 ). These results suggest that M2a-polarizing conditions are less effective for induction or reduction of gene expression in three distinct mouse microglia than M1-polarizing conditions. Next, we compared gene expression profiles of mouse microglia in culture upregulated under both M1-polarizing and M2a-polarizing conditions. The list of genes detected in Microglia No. 1, No. 2 and No. 3 were combined to obtain non-redundant sets of the genes. We identified 1202 non-redundant genes upregulated under M1-polarizing conditions and 94 genes under M2a-polarizing conditions, with the set of 46 overlapping genes (48.9% of M2a-polarized genes; Fig. 4a ; Table S1 ). The 46 genes include a well-defined marker specific for microglia named G protein-coupled receptor 84 (Gpr84); 27 a prototype of M1 marker Il1b; a regulator of M2 macrophage polarization termed Il4i1; 28 a panel of chemokines, such as Ccl2, Ccl7, Ccl8, Cxcl2, Cxcl3, Cxcl5, Cxcl10 and Cxcl11; IFN-signaling associated molecules, such as Ch25h, Cst7, Il1f9, Mmp13, Serpina3g, Slc7a2 and Timp1; NF-jB-signaling associated molecules, such as Dusp4, Hivep3, Myc, Ptgs2 and Tnip3; suppressors of cytokine signaling, such as Cish and Socs1; and the molecules involved in the pathogenesis of AD, such as complement component 3 (C3), Cd40, Cd74, glutaredoxin (Glrx) and oxidized low density lipoprotein (lectin-like) receptor 1 (Olr1). [29] [30] [31] [32] [33] Tgm2, Ch25h, Ptgs1, Cish and Socs1 belong to a battery of IL-4 transcriptome. 34 The set of 46 genes were related to a KEGG pathway entitled "TNF signaling pathway" (mmu04668; P = 6.22E-06) and to an IPA functional molecular network entitled "Cell-To-Cell Signaling and Interaction, Skeletal and Muscular System Development and Function, Connective Tissue Development and Function" (P = 1.0E-20). These results suggest that the 46 genes upregulated simultaneously in both M1 and M2a conditions reflect microglia activation-induced genes through signaling pathways shared between M1 and M2a. In Microglia No. 1, we compared 847 genes upregulated under M1-polarizing condition (Table S2 ) and 72 genes upregulated under M2a-polarizing condition (Table S8) . Then, we identified the set of 36 overlapping genes (Table S1 ). By hierarchical clustering analysis, individual top 20 genes upregulated under M1-polarizing or M2-polarizing condition without inclusion of the overlapping genes well separated the groups of M1, M2a and M0 (treatment with phosphate-buffered saline; Fig. 5 ).
Next, we studied gene expression profiles of mouse microglia under Mtgf-polarizing conditions (Tables S14-S17). We identified 102 non-redundant genes upregulated in Microglia No. 2 and No. 3 under Mtgf-polarizing conditions. IPA indicates that the 102 genes are related to the canonical pathways of the "osteoarthritis pathway" (P = 5.21E-06) and "epithelial adherens junction signaling" (P = 5.44E-05), which are regulated by TGFb as an upstream regulator (P = 1.30E-10). When the set of 102 genes were compared with 700 non-redundant genes downregulated in Microglia No. 2 and No. 3 under M1-polarizing conditions, we identified 43 overlapping genes (42.2% of TGFb-induced genes; Fig. 4b ; Table S1 ). For the 43 genes, IPA identified "embryonic development, nervous system development and function, organ development" (P = 1.0E-26) as a top functional molecular network. We identified 53 non-redundant genes downregulated in Microglia No. 2 and No. 3 under Mtgf-polarizing conditions. When the set of 53 genes were compared with 688 non-redundant genes upregulated in Microglia No. 2 and No. 3 under M1-polarizing conditions, we identified 24 overlapping genes (45.3% of TGFb-reduced genes; Table S1 ). For the 24 genes, IPA identified "endocrine system disorders, gastrointestinal disease, immunological disease" (P = 1.0E-36) as a top functional molecular network. These results suggest that a discernible subset of TGFb-induced genes is downregulated, whereas a substantial subset of TGFbreduced genes is upregulated under M1-polarizing conditions in mouse microglial cells in culture.
Gene expression profiles of human M1, M2 and Mtgf microglia in culture
Microarray datasets of human microglia in culture under M1-, M2a-and Mtgf-polarizing conditions were retrieved from GEO for gene expression analysis (Table 1 ). We identified 93 upregulated genes and 253 downregulated genes in human microglia under M1-polarizing condition (Tables S18, S19 Table S1 ). We also identified 375 upregulated genes and 415 downregulated genes in human microglia under M2a-polarizing conditions (Tables S20, S21 ). When the set of 375 genes were compared with 94 non- (Table S1 ). These results suggest that the human and mouse microglia show quite different gene expression profiles when compared under M1-, M2-and Mtgfpolarizing conditions.
Gene expression profiles of rat amoeboid microglia in vivo
Finally, we studied gene expression profiles of AMC and RMC, both of which were isolated by laser capture microdissection from frozen tissue sections of the corpus callosum of 5-day-old and 4-week-old rat brain, respectively (Table 1) . We identified 954 genes upregulated and 468 downregulated in AMC compared with RMC (Tables S24, S25 ). When the set of 954 genes was compared with 1202 nonredundant genes upregulated in mouse Microglia No. 1, No. 2 and No. 3 under M1-polarizing conditions, we identified 59 overlapping genes (6.2% of upregulated genes in AMC; Fig. 4d ; Table S1 ). For 59 genes, which include the genes of the extracellular matrix proteins, Tnc and Vcan, IPA identified "cellular development, cellular growth and proliferation, cell morphology" (P = 1.0E-43) as a top functional molecular network (Fig. 6) identified just three overlapping genes (Table S1) Table S1 ). These results suggest that a substantial subset of the genes upregulated in rat amoeboid microglia is shifted toward M1 polarization.
Discussion
First, we studied microarray datasets derived from three distinct series of mouse microglia numbered No. 1, No. 2 and No. 3, incubated under M1-, M2-or Mtgf-polarizing conditions. We identified 143 overlapping genes coordinately upregulated under M1-polarizing conditions. They are enriched in chemokines, cytokines, IFN-signaling associated molecules, and regulators and components of NF-jB transcription factors. The 143 genes reflect the core set of M1-polarized genes, reproduced by three distinct microglia. They are closely associated with GO terms entitled "innate immune response" and "inflammatory response," along with a KEGG pathway named "TNF signaling pathway." These results suggest that M1-polarizing stimuli provide a potent proinflammatory signal in microglia in culture, being consistent with the definition of M1 microglia that express high levels of pro-inflammatory cytokines and chemokines, such as TNFa, IL-1b, IL-6 and CCL2. [4] [5] [6] [7] However, we found that the remaining 514 genes, 233 genes and 83 genes upregulated under M1-polarizing conditions are restricted to Microglia No. 1, No. 2 or No. 3, respectively (Fig. 1a) . It suggests that M1 genes are highly variable among different datasets of microglia examined. This variability is attributable to differences in the methods of preparation of microglia, culture conditions and platforms of microarray analyzed ( (Fig. 1b) , indicating the variability of downregulated genes among three different microglia examined.
When compared with M1 genes, much smaller numbers of genes are upregulated in Microglia No. 1, No. 2 and No. 3 under M2a-polarizing conditions, with just two overlapping genes among three series of microglia, composed of Arg1 and Tfrc. It is well known that M2a microglia express the markers, such as Arg1, Chil3 (Ym1) and Retnla (Fizz1), and produce anti-inflammatory cytokines, such as IL-10. [4] [5] [6] [7] Arg1 involved in arginine metabolism catalyzes the hydrolysis of arginine to ornithine and urea, which are further metabolized into hydroxyproline, proline and polyamine, contributing to the tissue repair. 5, 7 Trfc is a cell surface receptor essential for cellular iron uptake by the process of receptormediated endocytosis. Trfc is expressed at high levels on M2 macrophages, possibly serving as a novel M2a marker. 35 These results suggest that M2a-polarizing conditions, which upregulate non-redundant 94 genes, are less effective for induction of genes in three distinct microglia than M1-polarizing conditions that upregulate 1202 non-redundant genes. 18 The set of 63 genes, five genes and 16 genes upregulated under M2a-polarizing conditions are restricted to Microglia No. 1, No. 2 or No. 3, respectively (Fig. 1c) , indicating that M2a genes are also variable among three different microglia examined. We also verified the variability of Mtgf-polarized genes upregulated in Microglia No. 2 and No. 3 with just eight overlapping genes.
We identified the set of 46 overlapping genes upregulated under both M1-polarizing and M2a-polarizing conditions. They are closely related to "TNF signaling pathway." The 46 genes include Il1b and a panel of chemokines, such as Ccl2, Ccl7, Ccl8, Cxcl2, Cxcl3, Cxcl5, Cxcl10 and Cxcl11. Previous studies showed that both CCL2 and CXCL10 are associated with M1, whereas CCL18 and CCL22 are products of M2a-polarized cells. 4, 11 We found that Ccl2 and Cxcl10 are not M1-specific, but upregulated by both M1-and M2a-polarizing conditions. Importantly, a mixed transitional phenotype of microglia and macrophages, co-expressing both M1 and M2 markers, are identified in preactive lesions, active demyelinating lesions and remyelinating lesions of MS. 11, 36 These results suggest that a number of the genes upregulated simultaneously under both M1-polarizing and M2a-polarizing conditions are induced in microglia after activation through signaling pathways shared between M1 and M2a.
Increasing evidence shows that TGFb plays a pivotal role in the development and maintenance of microglia both in vitro and in vivo. Microglia is lost in the CNS-specific TGFb1-deficient mice that show progressive motor paralysis and death by 23-25 weeks of age, indicating that TGFb1 acts as a major differentiation and survival factor for microglia. 8 TGFb-treated microglia show a quiescent phenotype that resembles M0 cells. 8, 9, 37 However, we found that 102 non-redundant genes upregulated in Microglia No. 2 and No. 3 under Mtgf-polarizing conditions are related to the "osteoarthritis pathway" of IPA, which is regulated by TGFb as an upstream regulator. It suggests that Mtgf polarization does not induce a quiescent phenotype. Supporting this, myelin ingestion is significantly enhanced in microglia exposed to TGFb compared with resting basal conditions. 9 We identified 43 overlapping genes when we compared 102 genes upregulated under Mtgf-polarizing conditions and 700 genes downregulated under M1-polarizing conditions. We also identified 24 overlapping genes when we compared 53 genes downregulated under Mtgf-polarizing conditions and 688 genes upregulated under M1-polarizing conditions. These results suggest that a number of TGFbinduced genes are downregulated, whereas a subset of TGFb-reduced genes are upregulated under M1-polarizing conditions in mouse microglia, suggesting a counteracting effect of M1-polarizing and Mtgfpolarizing conditions on microglial gene expression patterns. Supporting this, TGFb inhibits the expression of inducible nitric oxide synthase, a prototype of M1 marker in RAW264.7 macrophage cell line. 38 We identified just six genes overlapping between human and mouse microglia upregulated under M1-polarizing conditions. We also identified just six genes overlapping between human and mouse microglia upregulated under M2a-polarizing conditions. Furthermore, we identified just three overlapping genes between human and mouse microglia upregulated under Mtgf-polarizing conditions. All of these results suggest that the human and mouse microglia show quite different gene expression profiles under M1-, M2-and Mtgf-polarizing conditions. Mertk is a key member of the TAM family of receptor protein tyrosine kinases that play a pivotal role in phagocytic clearance of apoptotic cells. 39 Mertk expression is upregulated in microglia cultured under Mtgf-polarizing condition. 8, 9 However, we could not identify Mertk as one of the upregulated genes under Mtgf-polarizing conditions in Microglia No. 2, No. 3 and No. 4, being inconsistent with previous studies. We found that the expression levels of Mertk in human and mouse microglia under Mtgfpolarizing conditions do not reach significance.
Ramified microglia are surveying cells by actively sensing the surrounding microenvironment with dynamic processes, whereas amoeboid microglia are highly motile cells with the capacity to mediate phagocytosis. 40 Amoeboid microglia differentiate into ramified microglia with advancing age during postnatal development in the normal CNS. 41 Resting ramified microglia are promptly transformed into activated amoeboid microglia in response to pathogenic insults in disease-affected brains. 42 As amoeboid microglia produce a large amount of proinflammatory cytokines, they are considered to be M1-polarized. 43 We found 954 genes upregulated and 468 genes downregulated in rat AMC compared with RMC. We identified 59 overlapping genes between 954 genes upregulated in AMC and 1202 non-redundant genes upregulated in mouse microglia under M1-polarizing conditions. In addition, we identified 36 overlapping genes between 468 genes downregulated in AMC and 1040 non-redundant genes downregulated in mouse microglia under M1-polarizing conditions. These results suggest that a discernible set of the genes upregulated in rat amoeboid microglia are skewed toward M1 polarization.
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